Abstract. In this paper, we propose a weighted least-squares based color halftoning model from human vision system(HVS) model and an efficient iterative strategy using color image statistical information. The statistics of the mean and variance of the color pixel of each clustering are calculated. The energy function is constructed using the weighted least squares method, which the reciprocal of the variance of the segmented regions are referred to as the weighting operator. Starting with an initial halftone.The analysis and simulation results show that the proposed algorithm produces better color halftone image quality. A performance measure for halftone images is used to evaluate our algorithm. The value of MSEv and PSNR for the partitions regions that the proposed algorithm achieves consistently better values of MSEv and PSNR than the model-based color halftoning algorithm.
Introduction
The goal of digital color halftoning is to create the perception of a continuous-tone color image using the limited spatio-colorful discriminability of the human visual system.The algorithm for digital black and white halftoning methods can be categorized into three classes, which included error diffusion [1, 2] , dithering with blue noise [3] , and direct binary search [4] . Color Halftoning is a method for creating the illusion of continuous tone output with a low-bit device. Effective digital color halftoning can substantially improve the quality of rendered images at minimal cost. Flohr et al. used the total squared error in a luminance/chrominance-based space as the metric for their model-based color halftoning algorithm [5] . A Ufuk exploited the differences in how the human viewers respond to luminance and chrominance information and use the total squared error [6] .
Image Segmentation Using Fuzzy c-means Clustering
In fuzzy clustering, every point has a degree of belonging to clusters, as in fuzzy logic, rather than belonging completely to just one cluster. Thus, points on the edge of a cluster, may be in the cluster to a lesser degree than points in the center of cluster. An overview and comparison of different fuzzy clustering algorithms is available. [7] Any point x has a set of coefficients giving the degree of being in the kth cluster w k (x). With fuzzy c-means, the centroid of a cluster is the mean of all points, weighted by their degree of belonging to the cluster:
The degree of belonging, w k (x), is related inversely to the distance from x to the cluster center as calculated on the previous pass. It also depends on a parameter m that controls how much weight is given to the closest center. The fuzzy c-means algorithm is very similar to the k-means algorithm by choose a number of clusters [8] .
Weighted Least-squares Color Halftoning
In this paper, we use the Flohr HVS model to design an efficient color halftoning algorithm. 
The weights used to estimate the values of the unknown parameters are inversely proportional to the variances at each combination of predictor variable values:
A circular dot-overlap model were developed for B&W printers that accounts for the dot-overlap characteristic. In the B&W case, all the dots have the same color [9] . In the color case, the overlapping segments can take different colors depending on the color of the neighboring dots.
In the proposed approach, we seek the halftone image that minimizes the weighted squared error
where 
Experimental Results and Discussion
In this paper, we use the baboon color image of sizes 512×512 to demonstrate the experimental results. In the experiment, we compare two algorithms: color Lsmb and the proposed algorithms.
Firstly, we use fuzzy c-means clustering to divide several regions. The color image is partitioned into two, three and four regions using fuzzy c-means image segmentation method. Each label shows a different class. The results are shown in Fig. 1 . Fig.1 The divided regions Then we use the proposed algorithm to obtain the color halftone images. It is clear from Fig. 3 that the proposed algorithm achieves consistently lower values of MSEv than the color Lsmb algorithm, and with the increase in cluster partition, the value of MSEv is also decreases. We can be seen from Fig. 4 that the proposed algorithm achieves consistently higher values of WSNR and PSNR than the color Lsmb algorithm, and with the increase in cluster partition, the value of WSNR and PSNR are also increase. This paper developed a based on the color image content digital halftoning. A detailed analysis on the proposed algorithm was presented. Analysis results show that the proposed algorithm produces better color halftone image quality when we increase the number of clustering, in particular details of the image. Simulation results also demonstrated that the proposed algorithm achieves consistently lower values of MSEv than the color Lsmb algorithm. As the cluster partition increases, the value of MSEv decreases. And the proposed algorithm achieves consistently higher values of WSNR and PSNR than the color Lsmb algorithm. As the cluster partition increases, the value of WSNR and PSNR decreases.
